In neuroscientific research, image segmentation is one of the most important processes. The morphology of axons plays an important role for researchers seeking to understand axonal functions and connectivity. In this study, we evaluated the level set segmentation method for neuronal axons in a Brainbow confocal microscopy image. We first obtained a reconstructed image on an x-z plane. Then, for preprocessing, we also applied two methods: anisotropic diffusion filtering and bilateral filtering.
INTRODUCTION
The discovery of the jellyfish green fluorescent [3] . Furthermore, many studies have been performed to improve these traditional approaches [4] [5] [6] .
In neuroscientific research, image segmentation is one of the most important processes. The morphology of axons plays an important role in understanding axonal functions and connectivity.
Tracking and extracting the axons requires correctly segmenting axons from the background and separating each axon from its neighborhood. 
Overall pipeline procedures
The overall procedure for this study is summarized in Fig. 2 . First, we performed a preprocessing step using anisotropic diffusion and bilateral filtering. These two filters can preserve edges while unwanted image artifacts such as noise are smoothed or removed effectively.
When using a filtering method for medical image data, image degradation caused by blurring or artifacts resulting from a filtering scheme is not acceptable. However, preprocessing sometimes modifies texture or image information in unintended ways. Therefore, the following three requirements should ideally be fulfilled:
• Minimize information loss by preserving ob- • Efficiently remove noise in regions of homogeneous physical properties.
• Enhance morphological definition by sharpening discontinuities.
A necessary denoising process should be applied to the image to remove noise contained in the image before any further processing. Regarding noise reduction, well known filtering techniques such as mean or median filtering can be used easily but these techniques lack image feature preservation.
And general linear low-pass filters, such as the Gaussian filter, also smooth both noise and high-frequency information from edges. Therefore, more advance methods are needed to preserve and enhance edge information during the denoising process.
Moreover, in the case of level-set method, it is very important to consider this issue. For example, a local minimum of energy such as spurious edges caused by noise may stop the evolution of the active contour unexpectedly. In addition, when we enhance image edges effectively, total computational cost of the level set method also can be reduced.
We confirmed the effectiveness of two denoising filters from the result of our preliminary study. Although the Gaussian filter removed noises effectively, it couldn't preserve edges at the same time.
On the contrary, other two filters showed relatively reasonable results. According to the result of our test, we selected these two approaches for preprocessing.
Then we segmented images using active contour based on the level set method. Finally, we performed comparative evaluations of the segmentation accuracy for each case.
Anisotropic Diffusion Filtering
The first preprocessing method applied in this study was anisotropic diffusion filtering [22] [23] .
This is a powerful scheme for multi-scale descrip- 
The parameter k is chosen according to noise level and edge strength. In this study, we empirically selected the formula (Eq. 3) as a conduction coefficient function, and set iteration number to 30, kappa (k) values to 30, and ∇u to 0.14, respectively, and applied the filter to each image slice-by-slice.
Bilateral Filtering
As another preprocessing method, we used bilateral filtering. Originally, bilateral filtering was proposed as a noniterative alternative to anisotropic diffusion [24] [25] [26] . Unlike anisotropic dif- 
Li et al. proposed a new variational formulation
for geometric active contours that forces the level set functions to be close to a signed distance function, and therefore completely eliminates the cost of re-initialization [31] . In this study, we applied their approach to improve the segmentation performance. For applying the level-set based active contour segmentation in practical, several initial parameters were set empirically. based on the number of similar pixels [32] [33] [34] [35] .
In this study, we measured similarity by using 
RESULTS
The experimental result using the Brainbow im- In this paper, we just focus on the accuracy of segmentation. We set a fixed ROI size and extracted a part of region for our study. Additionally, when we had used original image, it was also difficult to apply the level-set base method directly because height of the image is very small. In this rea- As we can see, the blue contour (bilateral filtering) is most similar to the result of manual segmentation, and the green contour (anisotropic diffusion filtering) showed a slight tendency toward under-segmentation.
Finally, the evaluation more objectively measured the similarity between the original and segmented images using the aforementioned three parameters. Table 1 summarizes average values of Certainly, the present study was limited in scope.
Further studies with different, large-scale assessments are needed. However, the results of this study point to several promising directions for future research. We believe that our method, in combination with other research findings, has great potential.
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